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Reaction Stereochemistry














7Catalytic Ranges of Prenyl Chain Elongation
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B. stearothermophilus genomic library
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Heat treatment at 55ūC for 30 min
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Shotgun Cloning of Bacilllus stearothermophilus Farnesyl Diphosphate Synthase
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Subunit Interaction of Prenyltransferases
1. Dissociable heterodimers for prenyltransferase II
2. Tightly-bound homodimers for prenyltransferase I and -III
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Amino Acids　Crytical  for the Enzymatic Function　




R 9 8 E /F 2 2 0 A
Eco RⅤ






Co lE1  o ri
p f p s W T






A m p r
o ri
la c  Iq






A m p r
p R 9 8 E
A p aⅠ
Prep aration o f Hyb rid -Type FPP Synthase Heterod im ers






A m p r
p F 2 2 0 A
A p aⅠ





A m p r
o ri
la c  Iq fps F2 2 0A
f p s R9 8 Efps R9 8 E
A m p r
W T /R 9 8 E
W T /W T R 9 8 E /R 9 8 E F 2 2 0 A /F 2 2 0 A
R98E/ WT/ R


























[kcat: 7.11] [kcat: 0.047]
VI VI








Cloning of Undecaprenyl Diphosphate Synthase 
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• 　　　　　　　 　　 Crystal of UPS
































































Total Structure of Micrococcus luteus B-P 26 UPS
Top View
Front View




M. luteus UPS [ Fujihashi et al., Proc. Natl. Acad. Sci.,USA., 98, 4337-4342 (2001)]




















A Sulfate Ion binds to the Structural P-loop
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Proposed Substrate Binding Model of the  UPP Synthase
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Hydrophobic Cleft






A Probable Catalytic Reaction Model
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Catalytic Ranges of Prenyl Chain Elongation
by Prenyltransferases so far Characterized
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Avian Liver FPP synthase
Tarshis, L. C. et al. Biochemistry, 33, 10871-10877 (1994)
Micrococcus luteus B-P 26 UPP 


















Roles of the Conserved Regions of trans-Prenyl Chain Elongating Enzymes
Koyama, T. et al., Biochemistry, 35, 9533-9538 (1996); Koyama, T. et al., Biochem. Biophys. Res. Commun., 212, 681-686 (1995).;
Koyama, T. et al., Can. J. Chem., 72, 75-79 (1994); Koyama, T. et al., Biochemistry, 33, 12644-12648 (1994); Ohnuma, S. et al.,
J. Biol. Chem., 271, 18831-18837 (1997); Ohnuma, S. et al., J. Biol. Chem., 272, 5192-5198 (1997)
FARM SARM
45Wang and Ohnuma, TIBS 1999, BBA 2000
First Aspartate-Rich Motif Second Aspartate-Rich Motif
46
S. Ohnuma et al., J. Biol. Chem., 271, 10087-10095 (1996).;
L. C. Tarshis et al., Proc. Natl. Acad. Sci., USA, 93, 15018-15023 (1996).; 
S. Ohnuma et al., J. Biol. Chem., 271, 30748-30754 (1996).











































• cis-FPS WT                   82- VYLLSTENLQR –92           235- EAHWP -239
• AF (L84A / L85F)        82- LYAFSTENLQR –92
• L84A                             82- LYALSTENLQR –92 
• L85F                             82- LYLFSTENLQR –92
• H237L                                                          235- EALWP -239
Characteristic Regions in Short cis-Prenyltransferase
M. Luteus B-P 26 UPP synthase
Fujihashi et al. Proc. Natl. Acad. Sci. 4337-42 (2001) 
52














M. luteus UPS mutant
Reversed phase TLC
solvent･･･Acetone/water(19:1)
• UPS WT   70- LYAFSTENWSR –80        221- DEFWP -225
• LL           70- LYLLSTENWSR –80 
• LLL          70- LYLLSTENLSR –80 
• F223H                                               221- DEHWP –225
• LLLH       70- LYLLSTENLSR –80          221- DEHWP -225
Product Analysis of ＵＰＳ Mutant Enzymes
F223H
F223H
Kharel, Y. et al., FEBS J., 273, 647-657 (2006)
53
Structure Model of the LLLH Mutant of UPS
•Leu-84
Ala-72 in M. luteus UPS
･･･close to the ω-end carbon of FPP
⇒Side-chain of Leu may interfere with 
elongation of product.
Chang, S.Y. et al., Protein Sci., 13, 971 (2004)
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・ cis-FPS WT    82- VYLLSTENLQR –92       265- EAHWP -239
・ AF             　 82- LYAFSTENLQR –92
・ L84A 　　　　　82- LYALSTENLQR –92 
・ L85F      　 82- LYLFSTENLQR –92
・ H237L                                                   265- EALWP -239












L85F (FPP)Noike, M. et al., Biochem. Biophys. Res. Commun.,







E. coli UPS FPP結合型構造
（PDB ID : 1v7u）　Chang et al. (2004)
E. coli UPS T.fusca FPS Ile-59
56




























• UPS WT           99- FLP           ELI -104
• +EKE               99- FLP  EKE ELI -104
• +RAKDY         99- FLPRAKDYELI -104
• +AAAAA         99- FLPAAAAAELI -104
Yeast Srt1p 
• Srt1p  WT            145- FAKRAKDYKDP -155
• Srt1p delta         145- FAK  ‐‐‐‐‐ KDP -155
Characteristic Region in Long-Chain cis-Prenyltransferase
M. Luteus B-P 26 UPP synthase
































• UPS WT          99 FLP          ELI 104
• +EKE              99 FLP  EKE ELI 104
• +RAKDY         99 FLPRAKDYELI 104
• +AAAAA         99 FLPAAAAAELI 104
• Srt1p  WT        145 FAKRAKDYKDP 155
• Srt1p delta        145 FAK ‐‐‐‐‐ KDP 155





Structure model of the +RAKDY mutant
16
•Insertion of charged amino acid residues at Helix-3
･･･side wall of large hydrophobic cleft
















2VG0:  GPP analog結合型
cis-FPS（Short-chain type）
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